The introduction of the Total Parenteral Nutrition (TPN) has given rise to a new hope in the treatment of intestinal failure (LF) associated with the Short Bowel Syndrome (SBS). However, together with the TPN and the increase of survival of these patients, new problems and questions have emerged, as well as new therapeutical procedures. Taking into consideration this emerging reality, this paper has the purpose to undertake a review of current concepts and available treatments for patients with IF associated-liver disease. Although TPN provides an increase of survival of patients with intestinal failure, it is a potential source of complication such as: septicemia, hyperglycemia, venous thrombosis and liver disease. There are several hypothesis conceived to explain the liver disease associated to intestinal failure, however the only definite treatment as a potential to reverse the non-cirrhotic liver disease is the small intestine transplantation. Despite indications for intestine transplantation are not entirely defined in literature, the trend is its early indication in high-risk patients, preserving the liver integrity and preventing the eventual need of both liver and intestine transplantations altogether. Key words: Short Bowel Syndrome. Intestinal Transplantation. Total Parenteral Nutrition. Intestinal Failure. Liver Disease.
Introduction
Short Bowel Syndrome (SBS) is defined in adults when the small intestine length is shorter than 200 cm 1 . SBS is characterized by weight loss, malnutrition, steatorrhea and acid diarrhea due to the loss of absorptive surface and reduction of intestinal transit time. Other findings associated with SBS include nephrolithiasis, cholelithiasis and gastric hyper secretion 2 . SBS etiology can be divided both into acquired and congenital types. Among the causes of acquired disorders we can mention multiple or large enterectomies due to vascular catastrophes that involved thrombosis and emboly of the mesenteric artery, Crohn´s Disease, volvo, trauma and tumor resections. Infants may be born with congenital jejunal or ileal atresia, and the leading causes of SBS in the pediatric population are necrosing enterocolitis , gastroschisis, intestinal malrotation , volvulus and extensive aganglionosis 2 .
Removal of large segments of the small intestine (SI) causes the loss of intestinal absorptive surface and/or reduction of intestinal transit time, which results in malnutrition, bad absorption and metabolic disturbances. SBS severity depends on the remanescent intestine length: if the remanescent intestine is longer than 100 cm, the patients are likely to tolerate oral feeding in a short period of time. If the length is between 50 to 100 cm, the patient will need parenteral nutrition (PN) for a short period of time and will probably resume regular oral nutrition alone. Patients with a very short intestinal remnants (< 50 cm) in general will develop intestinal failure (IF) 3 . IF occurs when the gastrointestinal tract (GIT) is unable to keep the nutritional state without the specific nutritional support, either enteral or parenteral. Not every patient with SBS has sufficient loss of the functional capacity to develop permanent intestinal failure. Some factors are related to a higher risk of IF development such as duodenostomy or jejunoileal anastomosis and less than 35 cm of residual small intestine, jejunocolic or ileocolic anastomosis and less than 60 cm of residual small intestine, or end jejunostomy with less than 115 cm of remanescent small intestine 1 . Generally these patients are considered candidates to permanent parenteral nutrition or intestinal transplantation, because the remanescent intestine length is insufficient to develop the structural and functional adaptation 3 . We shall highlight that IF does not have as its unique factor the intestinal loss. In the presence of gastric and pancreatic disorders, in their resections, or even in non-surgical losses of abortive surface we will have a picture of bad absorption that, when it is serious, leads to IF, characterized as functional SBS. After resection, the remanescent intestine becomes hypertrophied and its absorptive function is more efficient, which allows its adaptation.
There is the desacceleration of intestinal transit, increase of villus diameter and height that results in absorption increase, in a process that last about 1 to 2 years. The presence or absence of the colon and ileocecal valve, location (jejunum versus ileum), health and length of residual bowel mucosa blood flow, patient age and comorbid conditions such as Crohn´s disease, radiation enteritis, carcinoma and pseudo-obstruction are influencing factors in the adaptation process and clinical outcome 1 . Animalmodel studies suggest that the adaptation process is complex and influenced by several endogenous hormones such as: enteroglucagon, glucagons peptide 2, growth hormone, epidermal growth factor, cholecystokinin, insuline, gastrin and neurotensin 1 . Another important factor in these patients is the presence or absence of colon, because it might become a significant digestive organ responsible for water, sodium, some aminoacids and short-chain fatty acids absorption that are important during the adaptation process 1 . The introduction of PN in the 60s changed the handling of patients with IF and provided for the first time long-term survival in patients with large intestinal losses. Unfortunately, PN is a potential provoking source of complications, being the most important septicemia, hyperglycemy, venous thrombosis and liver disease attributed to the unphysiological nature of the endovenous nutrition, since the nutrients are injected into the organism in different directions and at different rates 4 . The term "parenteral nutrition failure" was recently adopted to describe a situation in which PN complications become lifethreatening, including complications such as loss of venous access by progressive central venous thrombosis, development of irreversible liver fibrosis or cirrhosis, recurrent episodes of septicemias or fungemies, which results in intensive care unit admission. The importance of this definition is based on the indication of small bowel or multi-visceral transplantation in patients carrying this syndrome 4 . Perhaps the most puzzling PN complication is the chronic liver disease and liver failure. This syndrome develops in 40 to 60% of children who require prolonged PN and in 15 to 40% of adults under home PN. The clinical spectrum includes hepatic steatosis, cholestasis, cholelithiasis, liver fibrosis and more rarely progression to biliary cirrhosis, development of portal hypertension and liver failure. Although liver dysfunction evidenced by enzymatic abnormalities is common, the progression to cirrhosis and liver failure is less frequent, badly understood and uniformly lethal if there are no combined liver and intestine transplantations 5 . Hepatic dysfunction secundary to intestinal failure differs in adults and children. Cholestasis occurs in 40 to 60% of children, steatosis in 40 to 55% of adults, biliary sludge and cholelithiasis develop in both cases. The etiology is multifactorial and is cited in following Chart 5 . In adults, cholestasis is related to residual intestine length (< 50 cm), probably because of the difficulty of intestinal adaptation and sufficient enteral feeding in such a short gut leading to long term dependency on PN. There is the occurrence of interruption of entero-hepatic circulation of biliary salts, causing an abnormal metabolism of biliary acids which provides a bacterial translocations and systemic sepsis. Prospective studies related the presence of cholestasis in adults with permanent intestinal failure to intake of lipids greater than 1g/kg/day in PN. The mechanism is uncertain, but it may be associated with the activation of macrophages caused by excess of W6 polyunsaturated fatty acids, which causes an accumulation of hepatic phospholipids and/or phytosterols 5 . within 6 to 13 weeks, as well as the formation of gallstone, particularly in patients who have suffered ileal resections. Stasis of gallbladder may be prevented through the administration of cholecystokinin or by endogenous stimulation of cholecystokinin liberation by means of amino acids infusion or enteral nutrition (5 to 10 ml/h) 5 .
Clinical Aspects
Early liver dysfunction is asymptomatic, but jaundice is an obvious sign of cholestasis and fluctuations in serum bilirrubines may be related to septical episodes. The most frequent hepatic abnormalities observed are elevations in lactate dehydrogenase (DHL) levels, alkaline phosphatase (FA) 2 to 10 times the normal and total bilirrubin (BT) 5 to 22 times the normal. These patients also showed microscopic evidence of cholestasis. Albumin levels lower than 2 g/dl were found in patients with PN-induced cholestasis. Persistent elevations of serum bilirrubin higher than 12 mg/ dl represent a bad prognosis. In a study, 6 out of 42 patients who had developed end-stage liver disease with home PN use died within 10 months from the first episode of bilirrubin elevation 5, 6 . PN-induced cholestasis, in adults, does not appear until weeks or months of infusion have gone by, and the clinical manifestations are not usual until significant liver dysfunction is developed with hepatomegaly. Jaundice is a late sign, but abnormal levels of hepatic transaminases appear in 39% of patients in long-term PN 4, 5, 6 .
Histology
Histopathological changes of IF associated with cholestasis range from hepatic steatosis to biliary cirrhosis. Hepatic steatosis is more common in adults and may develop without evidence of inflammation, cholestasis or hepatic cellular necrosis. Hepatic steatosis is less common in children who most frequently show centrilobular cholestasis, portal inflammation and necrosis with or without fatty infiltration. More advanced liver disease includes portal fibrosis (100%), pericellular fibrosis (95%), and bile ductular proliferation (90%). Pigmented Kupffer´s cells (81%) and portal bridging (86%) are prominent features. Cholestasis is not always present and biliary cirrhosis has a late development, leading to death within 6 months 5 .
Treatment
In order to illustrate the evolution of the liver disease associated with PN, a recent review of 2 programs in Paris, which assessed 90 patients in home PN between 1985 and 1996, showed that 65% had developed chronic biochemical cholestasis and 42% extended portal fibrosis or cirrhosis. End-stage liver disease was the death cause of 22% of the patients, being the remanescent intestine size and PN dependence the most important factor for the development of the liver disease 4 . Due to this picture, the early introduction of measures to avoid or delay the evolution of the end-stage liver disease is of paramount importance. Liver disease associated with IF is potentially reversible, with normal tests of hepatic functions within 1 month when the enteral nutrition is introduced and PN is interrupted, before Gastrointestinal hormones levels such as gastrin, motilin, glucose-dependent insulinotrophic polypeptides, secretin, pancreatic polypeptide, glucagon and vasoactive intestinal peptides are reduced in patients with exclusive PN. This leads to the decrease of gallbladder contractibility and intestinal stasis. Intestinal stasis is related to the bacterial growth, bacterial translocation, sepsis (which exacerbate cholestasis in children) and the production of lithocholic acid (that turned to be toxic in rat liver) 5, 3 . Cholecystokinin reduction influences the size and the contraction ability of the gallbladder, thus making up biliary sludge. It is possible that fasting is able to reduce the biliary salts pool and bile formation influencing the gallbladder dysmotility and the formation of biliary sludge 5 . Liver disease associated with IF is related both to deficiency and to excess of amino acids or lipids in PN solutions. Taurine and cysteine deficiency is associated with hepatotoxicity in neonates. Choline deficiency may exacerbate hepatic steatosis both in children and adults. In a pilot study, the addition of 2g choline chloride reduced steatosis in adults, evidenced by the normalization of hepatic transaminases and by computed tomography scores 5 . Recent studies reported the effects of manganese toxicity in prolonged PN. Because manganese is excreted in the bile its toxic effect is exacerbated in cholestasis, then its monitoring is important in patients with liver disease associated with IF. There is evidence that lipidic emulsions induce both cholestasis and steatosis . The excess of lipidic calories (lipid overlood syndrome) leads to hepatic steatosis, hyperlipidemia and thrombocytopenia. Cavicchi et al showed that cholestasis in adults is related to usage of more than 1 g/kg/day of lipids, and the damage mechanism is the direct effect of lipids in the hepatocytes, accumulation of phospholipids or phytosterols, or the production of inflammatory cytokines 5 . The incidence of biliary sludge increases with the PN duration increases of 6% within 3 weeks up to 100% the development of severe fibrosis or cirrhosis. In many children and adults this is not possible. Prevention and treatment of liver disease associated with IF include certain measures, though none of them has proved its effectiveness 5, 6 .
potential to reverse non-cirrhotic liver disease is encouraging us to propose SBT of risk patients, those with less than 50 cm of remanescent intestine, with the aim of preserving the liver health and prevent the eventual need of combined transplantation of liver and small bowel 4 . SBT is considered the only definitive treatment for patients with SBS who failed in the development of intestinal adaptation. Although SBT indications are not yet completely standardized, there is already a trend to indicate it before the development of liver failure. Generally, mortality and morbidity are higher in patients with SBS without colon, and its reason is still unknown. Patients with remanescent intestine less than 50 cm long and colectomized show SBT indication, being listed as soon as they are stable, using PN as a bridge 3 . Those with less than 50 cm long remanescent intestine and presence of colon are put under PN, and as soon as possible they are introduced to special diet for small bowel, which, if tolerated, is added to an oral supplementation and the PN is interrupted. Food is given more often than 10 times a day, solid and liquid stuff are separately administered if the intestinal transit time is fast, more than 2 liters of water is given per day, avoiding the administration of food that contain lactulose, oxalate, liquids containing caffeine and artificial sweeteners. If there is no adaptation of patients to the diet, SBT is indicated (3, 7) . Patients with remanescent intestine between 50-100 cm associated with colectomy or those whose colon has been preserved follow the above-mentioned program, but the latter ones will hardly ever be candidates to SBT (3, 7) . Patients subjected to enterectomy, with intestinal remanescent longer than 100 cm, with or without associated colectomy will develop intestinal adaptation and tolerance to oral nourishment in a short period of time 3, 7 .
General considerations
The management of patients with IF associated with small bowel syndrome represents a threat for the modern clinical surgery. The increase of survival for these patients due to new techniques of total parenteral nutrition (TPN), gave rise to new barriers, many of them, until now limiting the therapeutic options in patients with IF. Chronic hepatic disease associated with TPN and with IF appeared as one of the most puzzling and hard-management complications in patients with SBS. We ask an obvious question in an attempt to understand this new problem: what does the intestine provide that is necessary for the liver health? The answer is: NUTRIENTS. It is not by chance that the liver is strategically positioned to receive first-hand the nutrients, after the food digestion, many of which are removed after their first passage through this organ. The new pathway of nutrients infusion introduced by the TPN made it possible to increase the survival rate of patients with IF, though, on the other hand it limits the natural hepatic nutrition. So far, there are more doubts than answers, but with the recent introduction of new therapeutic procedures, arises a new small hope in the preservation of the liver health in patients under long TPN, and perhaps, there is the need The introduction of small amounts of enteral nutrition will improve the biliary dynamics, diminish the gallbladder size and will improve the biliary flow; therefore there will be the cholestasis improvement. Other strategies include the decrease of bacteria overgrowth through the introduction of fibers in the enteral nutrition, for these can diminish the bacterial translocation, and accordingly episodes of systemic sepsis 5, 6 . The addition of glutamine to PN solutions may reduce the effect of septic episodes in the liver function, because glutamine reverses the inhibition of the hepatocyte mitochondrial metabolism noted in rat endotexemia. Glutamine has also a protective effect against the hepatic dysfunction related to PN by the increase of the intestinal immunity. This reduces the intestinal hypoplasia and prevents immunoglobulin A depletion, and has also an effect in the reduction of the intestinal permeability and thus the bacterial translocation in rats (4, 5) . Oral administration of Sacchromyces boulardii, non-pathogenic flora, may reduce bacterial translocation due to the increase of immunoglobulin A secretion and bacterial overgrowth reduction. Another useful strategy is the reduction of the daily PN duration or the use of cyclic infusion. If there is a severe cholestasis, restriction of lipid intake and control of the manganese and copper levels are important 4, 5 . The most important strategy is the prevention of sepsis through multiple multidisciplinary aseptic cares in the management of central catheters (5) . In order to increase the biliary flow and reduce the biliary sludge formation, it is advantageous the use of oral ursodeoxycholic acid that is commonly prescribed, though there is not a clear evidence of its effectiveness. However, in a prospective adult study in PN, the ursodeoxycholic acid showed improvement in the tests of hepatic function 5, 6 .
Small bowel transplantation
With improvements of both surgical and immunemodulation techniques, small bowel transplantation (SBT) became a viable alternative to home PN, with survival rates of 1 year for both, host and graft, of around 90%. The fascinating observation that isolated SBT has the of more researches addressing the restoration of the normal physiology of nourishment, digestion and nutrient absorption for which the human organism was designed. Considering the physiological pathway of nutrition access and the preservation of the small bowel health the only definitive and available treatment so far is the small bowel transplantation, and although its indication is not completely defined in the literature, there is the trend of its early realization in patients with high risk of developing cirrhosis and liver failure that is invariably lethal in the evolution of IF associated with SBS.
